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Electrophysiological investigations have been made in
order to determine the properties of the chemoreceptors in
the tongue of Rana pipiens.
The electrical activity of taste receptors was recorded
from the glossopharyngeal nerve in response to stimulation by
various chemicals. These results were compared to those
obtained from other species of animals.
The stimulating strengths of a chloride series in the
frog tongue were: ammonium chloride, potassium chloride,
sodivim chloride, and lithium chloride. Results were similar
to that of the cat in that moderate responses to water were
observed, but dissimilar to that of the rabbit which had a
large response to water. The responses to amino acids and
other organic acids decreased as the chain length increased
in each homologous series tested. The responses of single
fibers to stimuli varied and could not be easily grouped
according to probable taste qualities.
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The various taste sensations evoked by different
chemicals have been the subject of careful study. Bitter
taste is related chiefly to certain organic compounds,
especially such alkaloids as morphine, quinine and caffein.
Glucosides, picric acid and bile salts are other organic
substances which give a bitter taste. A few inorganic com¬
pounds such as calcium and ammonium salts Induce the same
sensation. Sweet taste is also evoked by a variety of
organic and inorganic compotmds. Among these are sugars,
amino acids and saccharin. Salty taste is brought about
chiefly by inorganic salts, especially the chlorides of
sodixim, potassium, magnesltim, lithiina and ammonium. Sour
or acid taste Is produced by acids and salts of acids.
Electrophysiological studies have shown that there are
differences in taste receptor responses in different groups
of animals. For example, most carnivores respond to a
greater extent to potassium chloride than to equimolar con¬
centrations of sodium chloride, whereas rodents respond as
well to sodium chloride as to potassiimi chloride. It has
been proposed that the nature of the processes involved in
the stim\ilation of chemoreceptors depended upon the parti¬
cular molecular structxire that existed on the surfacO of the
receptors. Such a theory may account for the variation in
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taste responses among species if the molecular structiire
involved in stimulation differs slightly from one species
to another.
The glossopharyngeal nerve of the frog offers ex¬
cellent conditions for studying the sensitivity of the tongue
to different kinds of stimuli. The responses to the appli¬
cation of distilled water or different chemical stimuli on
the frog’s tongue have been demonstrated in the form of
action potentials. The lack of information concerning the
relative efficiency of a substance to stimulate chemore-
ceptors may lead to inaccurate evaluation of fiber types,
or differences in the evaluation of responses to salt, so\ar,
bitter or sweet substances.
The purpose of this investigation was to study chemo-
receptors of the siimmer frog and compare the results with
the Investigations of others on winter frogs.
CHAPTER II
REVIEW OP LITERATURE
Pumphrey (1935) recorded action potentials from the
glossopharyngeal nerve by applying different kinds of stimuli
on the frog*s tongue* He fo\and that the tongue possessed end-
orgscns which responded to salt and acid but not to sweet or
bitter substances. He also observed that strong chemical
stimuli produced an activity in thinner fibers which he
looked upon as pain fibers.
In the cat, Zotterman (19^9) found that the fibers
of the glossopharyngeal and lingual nerves which responded ?
to taste stimuli were of a smaller diameter than those re¬
sponding to tactile stimiilation. He also foxmd that the
tongue of the cat lacked end-organs which responded to sweet
solutions; an observation which was confirmed by Pfaffman
(1953).
Zotterman (194-9)» when listening to the Impulse
"traffic" in the glossopharyngeal nerve of the common Swedish
frog, Rana temporat>ia, observed that the application of tap
water or distilled water upon the tongue elicited an immediate
and massive volley of impulses in the larger fibers of the
glossopharyngeal nerve* He undertook further investigations
in an attempt to analyze this phenomenon. He noticed that
the activity of the glossopharyngeal nerve was of very low
intensity when the tongue was imbedded in saliva* Only one
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drop of tap or distilled water was stifficient to elicit a
very hi^ activity in the large nerve fibers, and when a
few milliliters of water were poured on the tongue a massive
discharge of impulses followed in the large fibers. The
discharge increased rapidly and continued for about a minute
or more* The frequency then decreased slowly and the "water
discharge" was very quickly abolished by pouring Ringer’s
solution upon the tongue. Zotterman also noticed that strong
quinine concentrations in Ringer’s solution highly stimulated
the small afferent fiber endings which responded to water, or
to tactile stimuli. In discussing the physiological signifi¬
cances of the water effect, he stated that it was tempting to
suppose that the water effect may reflexly contribute to keep¬
ing the mouth of the frog closed as well as to inhibit the
respiratory movements when the aniiaal was under water. The
effect had so far been obtained only from the glossopharyn¬
geal nerve and control experiments or dorsal skin nerves did
not show any effect of this kind* He explained that it looked
as though the effect might inhibit the respiratory movements
and protect the airways and lungs from being filled with water;
analogous to the reflex inhibition in some mammals. He fur¬
ther stated that this phenomenon might serve to stabilize tiie
ionic balance. The water on the tongue reflexly kept the
mouth closed, thus reducing an other-wise obvioua increase
in the intake of water and a subsequent greater loss of salts.
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Zotterman (1950) isolated different single fibers
which enabled him to record the responses to either slightly
hypotonic and hypertonic sodivoa chloride solutions or to the
application of water. He concluded that the frog possessed
nervous mechanisms in the tongue which enabled it to dis¬
criminate between distilled water and saline solutions of
more than 0.01^ concentrations. He fiorther stated that some
preparations responded to acid but not to water* touch, or
hypertonic salines.
Andrew (1914.9) recorded afferent impulses from the
tongue of the toad and reported some receptors discharged
when hypotonic solutions were applied.
Koketsu (1951) studied the afferent impulses in a
single nerve fiber of the glossopharyngeal nerve of the
common Japanese frog (Rana migromaculata). The results of
his experiments partly confirmed the observations of previous
investigators, but some seemed to be new findings. He stated
that the application of sour, salty and bitter substances
stimulated specific receptors of the frog's tongue which may
be comparable to the corresponding himian sensations. He
found saccharin and cane sugar not to be effective stimulants
to the tongue of the frog.
Koketsu and Kimura (1953) reported on a qusuitative
relationship between inhibitory effects and alkaline cations.
Kiyoshi, Kusano and Masayasu (1957) described a special
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type of the gustatory receptor unit that was present in the
cat’s tongue which responded to water, hydrochloric acid and
quifaine, but not to sodium chloride. The activity of this
receptor \init was easily depressed by a sufficient concen¬
tration of sodixjm bromide, sodium iodide, calcium chloride,
hydrochloric acid, and chlorine chloride, but soditan acetate
and formate had very little depressing action.
Beidler, Fishman and Hardiman (1955) recorded the
electrical responses of the chorda tympani nerve to chemical
stimulation of the tongue in rats, guinea pigs, rabbits, cats,
dogs, hamsters, and raccoons. The spontaneous activity
observed dtirlng a water rinse was small in the guinea pig,
hamster, and dog, moderate in the cat, and large in the
rabbit. This activity in the rabbit could be suppressed
with low concentrations of sodium chloride. They observed
that the rodents responded well to sodium chloride as com¬
pared to potassium chloride, whereas the opposite was true
with the other animals. All animals responded well to
ammonixjm chloride. Tongues of the hamster and guinea pig
were easily stimulated with sucrose, whereas this was not
seen in the cat.
Pumphrey (1935) recorded impulses in the nerves
supplying the superficial epithelium of the mouth of the
frog. The investigator reported that there were receptors
present for tactile stimuli and chemoreceptors of two kinds;
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the latter being specifically sensitive to salt and sour sub¬
stances. He believed that these taste receptors were located
in the epithelium of the mouth.
Pfaffman: (194-1) investigated the distribution of taste
sensitivity on the cat’s tongue by recording nerve impulses
in the chorda tympani and glossopharyngeal nerves. The apex
and anterior-lateral margins of the tongue were found to be
most sensitive to salt, the base and posterior-lateral margins
to quinine, and all regions except the mid-dorsal area were
sensitive to acids. Responses to sugar rarely occ\irred.
Single fiber preparations Indicated that there were three
types of gustatory fibers in the cat. One type responded to
acid, one responded to salt, and another responded to both
acid and quinine. Threshold concentrations for each of those
substances were different for different fibers of any one type.
Beidler (1954)» in his paper of available quantitative
data on the response of taste receptors to sodium salt stimu¬
lation, indicated that the ions of the chemical stimulus were
loosely bound to some substance of the taste receptor.
Pfaffman (1953) recorded the sense of taste in three
species; the rat, rabbit and cat which he studied by recording
the sensory nerve impulses from the tongue. The chorda tym¬
pani nerve in anesthetized animals was dissected free and
placed upon wick electrodes connected to an amplifier and
cathode-ray oscillograph. In all species the nerve demonr
strated varying amounts of resting activity. This was most
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pronoionced in the rabbit. Application of chemical solutions
to the tongue produced a maintained asynchronous discharge
of impulses. The discharges returned to the resting level
when the tongue was rinsed. Thresholds ranged from low to
high, in the order of quinine, hydrochloric acid, sodium
chloride and sucrose. In all species the acid and salt
produced significantly more neural activity than did quinine
or sucrose. The responses to hydrochloric acid in the three
species were very similar. Quinine resulted in relatively
more responses in the cat, whereas sucrose produced compara-^
tively greater responses in the rabbit and the rat. The
more striking differences were noted in the relative effec¬
tiveness of salts in stimulating the receptors. Sodium
chloride was much more effective than potassium chloride in
the rat. This relationship was reversed in the cat and
rabbit. In the rabbit, potassium chloride was more effective
than sodium chloride. The results emphasized the fact that




The studies reported on here were carried out using
the glossopharyngeal nerve of the frog Rana pipiens. The
animals were obtained from the Carolina Biological Supply
Co., Burlington, North Carolina. Some were obtained from
small ponds in the vicinity of Atlanta, Georgia. The frogs
were kept in a glass aquarium provided with a screen wire
covering, rocks of assorted sizes and enough water to cover
the bottom. The water was changed frequently to remove waste
and decaying food material, as well as to afford a fresh
supply of oxygen. This environment was appropriate for the
siorvival of these animals.
The dissections were made on pithed frogs. Prom the
ventral side, the tongue was drawn out of the mouth and
pinned so that the ventral surface was upper most. Slight
separation of the two halves of the lower jaw then exposed
the nerves as they entered the tongue. The lingual branch of
the glossophryngeal nerve was isolated, the entire nerve traced
back to its origin from the skull. In spite of this, it proved
difficult to work with this nerve due to the fact that copious
and sticky mucous secretions were on it. The glossopharyn¬
geal nerve was studied intact, as well as after transection
at its central end. The nerve was placed in a nerve chamber
made of paraffin. Ringer's solution was used to provide an
isotonic medium for the nerve while in the chamber.
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The chamber had openings vhich permitted the stimulating,
gro^and and pick-up electrodes to be inserted.
The proced\are adopted after dissecting out a suitable
section of cranial nerve IX and mounting it on the electrodes
in the moist chamber was to apply chemical solutions to the
tongue by means of small brushes and droppers. The various
chemical solutions used (and their concentrations) were as
follows:
Salts Concentrations
Ammonium Chloride 0.02^ M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
Potassium Chloride 0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
Sodium Chloride 0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
Lithium Chloride 0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
Organic Salts of Sodium
Sodium Citrate 0.025 M, 0.05 M, 0.25 M, 0,$ M,
1.0 M, 2.0 M.
Sodium Acetate 0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
Sodium Propionate 0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
Sweet Substances
Glycine 0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
Alanine 0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
Sucrose 0.025 M, 0.05 M, 0.25 M, 0,5 M,












0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
0.025 M, 0.05 M, 0.25 M, 0.5 M,
0.,1 M, 1.0 M, 2.0 M.
0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
0.025 M, 0.05 M, 0.25 M, 0.5 M,
1.0 M, 2.0 M.
0.114. - KCl, 6.50 - NaCl
CaCl2 - 0.12, NaHC03 - 0.20 g
in 1 liter of distilled water
Water Distilled and Tap
The tongue was stimulated and the impulses were recorded
from the nerves by means of a cathode.-ray oscilloscope type
503» Tektronix Inc., Beaverton, Oregon. The settings for
vertical sensitivity was 5 and 10 mv/cra; sweep speed 2, 5»
and 10 sec./cm; slope + and -.
A Model P 5 pre-amplifier. Grass Inst. Co., Quincy,
Mass, was used. Amplification was 28K and attenuation 2db;
amplitude frequency (high) 30 cps; amplitude frequency (low)
7 cps.
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A 35 ram camera with Kodax Tri-X films was used.
Settings: shutter speed 1/30 and 1/60 sec., lens opening
3,5# and range 2.5 ft.
The vertical display represented the voltage of the
potentials and was calibrated in rav/cm by the vertical
sensitivity setting of the oscilloscope. The horizontal
display represented a time relationship and was calibrated
in sec/cra by the sweep setting of the oscilloscope.
CHAPTER IV
EXPERIMENTAL RESULTS
The magnitude of responses to stimulation of the nerves
with chemical stimuli was measured as the total height of the
integrated electrical activity. Nerve fiber recordings with
the tongue intact were also utilized. Every chemical stimulus
was tested on each nerve at least six times during the coiirse
of an experiment.
All of the types of integrated responses investigated
may be classified into five groups. The first group en¬
compassed the responses to salts. The second group included
the responses to sour substances. The fourth group included
the responses to sweet substances. The fifth group comprised
the responses to bitter substances.
The Effects of Salts; A concentration series ranging from
0.25 M to 2 M was used in these experiments (occasionally
lower or higher concentrations). The results of the various
inorganic salts can be arranged in decreasing order according
to their stimulatory effects as ammonium chloride, potassiiim
chloride, sodium chloride, and lithium chloride. Photographs
of these reactions are represented in Pigs. 1, 2, 3, and
Higher concentrations than 0.2^ produced irreversible damage
to the taste receptors. Ammonium chloride had a similar
effect at higher concentrations than 0.5 M. Sodium chloride




The Effects of Organic Salts of Sodium: The stimulating
effects at equimolar concentrations of the salts tested were
sodium citrate, sodiirai acetate, and sodium propionate. Figs.
5, 6 and 7» Illustrate typical records obtained. Orgemic
salts of sodium appear to have less stimulating effects on the
receptors of the frog's tongue than sodium chloride, with the
exception of sodi\am citrate. Sodium citrate produced con¬
tinuous activity if not washed away immediately after the
application of the solution.
The Effects of Sour Substances: The stimulating effects of
the acids tested at equimolar concentrations were hydrochloric
acid, formic acid, acetic and citric acid. Hydrochloric acid
at concentrations higher than 0,0$ M inhabited all the re¬
ceptors of the frog's tongue. The same was true with organic
acids at concentrations higher than 0.1 M. A concentration
of 0.1 M was used in these experiments with the exception of
hydrochloric acid where a concentration of 0.05 M was used.
At low concentrations the above acids did not produce any
inhibitory actions on the water receptors (Figs. 9, 10, 11
and 12).
The Effects of Sweet Substances; Two amino acids, glycine
and alanine, dissolved in water and Ringer's solution were
used, as well as sucrose and saccharin. When glycine and
alanine were dissolved in Ringer's solution they evoked a
discharge which was not produced by Ringer's solution
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(Pigs# 13 and 14)• Sucrose dissolved in water had no inhibi¬
tory effects on the water receptors, although at a 0.25 M
concentration it produced a greater response than pure water.
Sucrose dissolved in Ringer's solution alone. Saccharin at
low concentrations inhibited the ability of water receptors
and at a 0.25 M concentration it produced a greater response
than 0.25 M sodium chloride (Pigs. 15 and 16).
The Effects of Bitter Substances: Both quinine and urea pro¬
duced afferent discharges. Quinine in a concentration of
0.025 M in Ringer's solution was quite s^lfficient to pro¬
duce afferent discharges. Urea reqxaired a higher concen¬
tration than 0.025 to elicit such a discharge (Pigs. !?» and
18).
The Water Effect! When a few milliliters of water was povired
upon the tongue there was a massive discharge of impulses in
the large fibers. The discharge increased rapidly and con¬
tinued for a minute or more with slowly decreasing frequency.
When Ringer's solution was poured upon the tongue, the water
discharge was very quickly abolished (Pigs. 19 and 20).
Nerve fiber recordings with the tongue intact revealed the
following: The sensitive spots were most nxamerous on the
margin of the tongue and distal end of its upper surface; less
numerous on the palate and sparse or absent on the ventral sur¬
face of the tongue (Pigs. 21, 22, 23, 24# 25 and 26).
CHAPTER V
DISCUSSION AND CONCLUSIONS
Many electrophysiological experiments have been made
in order to determine the properties of the cheraoreceptors of
the tongue of the rat. Comparisons of some of the results
with those obtained by investigators using other techniques
revealed differences in the response to a series of inorganic
salts among animals belonging to various phylogenetic orders.
The sense of taste in three species, the rat, rabbit,
and cat was studied by Pfaffman (1953) Ly recording the sen¬
sory nerve impulses from the tongue. The chorda tyrapani
nerve in anesthetized animals was dissected free and placed
upon wick electrodes connected to an amplifier and cathode-
ray oscillograph recording unit. In all species, the nerve
showed varying amounts of resting activity. This was most
pronounced in the rabbit. Application of chemical solutions
to the tongue produced a sustained asynchoronous discharge
of impulses. The discharge returned to the resting level
when the tongue was rinsed. Thresholds ranged from low to
high in the following: quinine, hydrochloric acid, sodiimi
chloride and sucrose. In all species the acid and salt pro¬
duced significantly more neural activity than did quinine or
sucrose. The response to hydrochloric acid in the three
species was very similar. Quinine resulted in a relatively
greater response in the cat, whereas sucrose produced
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relatively more responses in the rabbit and the rat* The
more striking differences were noted in the relative effec¬
tiveness of stimulation by sodium chloride which was much more
effective than hydrochloric acid in the rat, but this re¬
lationship was reversed in the cat and rabbit. In the
rabbit especially, hydrochloric acid was more effective than
sodium chloride. Pfaffman (1953) emphasized that any general
theory of taste must take species differences into account.
Beidler (1954) reported investigations supporting the
fact that differences do exist between various species in
the ability of their taste receptor units to respond to a
nimiber of substances. He further considered the nature of
the processes involved in the stimulation of chemoreceptors
and concluded that the binding of salts to the receptor is
dependent upon the particular molecular structure that exists
on the sxirface of the receptors* He further stated that this
proposed theory would account for the variations in taste
responses if the molecular structure involved in stimulation
would differ slightly from one species to another*
According to Kiyoshi, Kusano and Masayasu (1957) a
special type of the gustatory receptor unit was present in
the cat's tongue which responded to water, hydrochloric acid
and quinine, but not to sodium chloride. The activity of
this receptor xinit was easily depressed by a sufficient con¬
centration of sodium bromide, sodium iodide,calcium chloride,
hydrochloric acid, and chlorine chloride, but sodium acetate
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and formate had very little depressing action. To explain the
mechanism of water stimulation and depressing action of the
common salts on the taste receptors, they postulated that the
removal of ions from the receptor membrane was important for
stimulation by water and this outward flow of ions initiated
the water response. In their experiments, since organic
sodium salts such as formate and acetate failed to depress
the water response, they concluded outward flux of these salts
excited it.
The author’s experiments on the frog’s tongue have
indicated that such organic sodivun salts as sodium acetate,
and propicamte appear to have less stimulating effects on
the receptors of the frog’s tongue than sodium chloride,
Sodiixm citrate produced continuous activity if it was not
washed away immediately after the application of the solution
(Pig. 8). . .
A concentration series ranging from 0,25 M to 2 M
salt solutions was used in most of the experiments, but
occasionally, lower or higher concentrations were used. The
results of the various salts can be arranged in decreasing
order according to their stimulatory effects as potassium
chloride, sodium chloride, lithi\mi chloride, and ammonium
chloride. Sodium chloride at concentrations higher than
0.25 M produced irreversible damage to the taste receptors.
Ammonium chloride had a similar effect at higher concentra¬
tions than 0.5 M, Sodium chloride and lithium chloride had
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a wider stimulating range without such irreversible damage
(Fig. 28).
Beidler e^ (1955) reported that differences exist
among various species in the ability of their taste receptors
to respond to a number of substances. The following listing
shows the relative responses to various chemicals observed
by these investigators in the dog, cat, rabbit, hamster and
rat:
Dog NHi^Cl,*^ CaCla,':::^ HCl,P''NaCl,“;7^LiCl
Cat CaCl2, TT' KCl,*7r NaCl,“;7" LiCl
Rabbit NaCl, LiCl,’p7NH|^Cl,"7>'KCl,”7'CaCl2
Hamster NaCl, LiCl,“7rCaCl2,-7NHi^.Cl,-;7' KOI
Rat LiCl,;:^^ NaCl,'^NI^Cl,77'CaCl2,'7r'KCl
The author's observations using the same substances on
the frog tongue follow: lIH|^Cl,“^KCl,“7NaCl,'p?^LiCl.
The frog appears to be.ihtermediate between carnivores
and rodents. Responses to ammonixim chloride and potassium
chloride are large as with carnivores, but the responses to
sodim chloride are also high as is true with rodents.
The response of the chemoreceptors of the rat's
tongue to various concentrations of organic salts of sodium
has been quantitatively determined by Beidler ^ (1955)
and the results were as follows: sodium chloride sodium
formate sodium acetate *^p^sodiiua propionate^^ sodium
butyrate•
It was shown that the response of the taste receptor
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of the frog to organic salts of sodium have the same pattern
as that of the rat.
This was also true with the amino acids that were
tested on the chemoreceptors of the frog’s tongue. In the
present investigation, the amino acids, glycine and alanine
were used in aqueous and Ringer’s solutions. Sucrose and
saccharin were also used. Of the two amino acids tested,
glycine produced inhibitory effects on the water receptors,
but at concentrations higher than 0.1 M a greater response
was noted than with water alone (Pig. 30)* Saccharin
solutions gave results similar to those produced by sodium
chloride; at very low concentrations they inhibited the
activity of water receptors and at 0.25 M concentrations they
produced a higher response than 0.25 M sodium chloride.
Sucrose dissolved in Ringer’s solution produced a response
which was not produced by Ringer’s alone.
A wide variety of chemical compounds, including urea,
quinine, hydrochloric and a few organic acids, were applied to
the tongue of the frog which stimulated the taste receptors.
Previous workers have reported the existence of acid
receptors on the frog’s tongue. Pxomphrey (1935) stated that
the acid receptors appeared to be leas numerous and less
vigorous in their response and more easily fatigued than the
salt receptors. In the present study, hydrochloric acid at
concentrations higher than 0.05 M inhibited all the receptors
of the frog’s tongue.
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The same was true with organic acids at concentrations
higher than 0.1 M. The results of the various acids tested
had the following stimulatory effects: hydrochloric
formic acetic citric.
Pumphrey (1935) stated that>bitter substances did not
elicit afferent impulses in the glossopharyngeal nerve of the
frog. Zotterman (1956) reported that quinine sulfate in
0.3^ Ringer's solution highly stimulated the endings of the
small fibers and produced a lasting paralysis of the large
fiber endings. Koketsu and Kimxu’a (1953) found that in the
tongue of a frog there was a receptor which responded to
bitter substances. In the present study the author found that
both quinine and urea produced afferent discharges in a frog's
glossopharyngeal nerve.
Quinine, in a concentration of 0.025 M in Ringer's
solution was quite sufficient to produce afferent discharges
in the glossopharyngeal nerve. Urea required a higher con¬
centration than 0.025 M to elicit such a discharge.
Fresh distilled water applied to the frog's tongue
produced a massive volley of large fiber impulses in the
glossopharyngeal nerve which lasted for a few minutes. This
indicated that the frog's tohgue responds to a wide variety
of chemicals, both electrolytes and nonelectrolytes.
In order to investigate the nature of the response of
individual fibers to stimuli, a nerve twig containing only a
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few active nerve fibers was employed. The response of six
separate single fibers to a nxjmber of different stimuli in¬
dicated that each fiber responded differently to the selected
group of chemicals. Such differences among single fibers
have also been observed in the cat and rat by Pfaffman (1953)
and in the rat and hamster by Fisherman jet al. (1955)*
CHAPTER VI
SUMMARY
The electrical activity has been recorded from the
glossopharyngeal nerve of the frog (Rana pipiens) in re¬
sponse to various chemicals. These results have been com¬
pared to those obtained from other species of animals in
order to determine whether or not the stimulating strength
of a series of solutions is similar in all species exhibit¬
ing a water response.
The stimulating strength of a chloride series in the
frog was ammonivun chloride, potassium chloride, sodium
chloride and lithium chloride which was similar to that of
the cat with moderate response to water. The response to
organic acids and amino acids decreased with increase of
chain length.
Recordings from small strands of glossopharyngeal nerves
showed that there were two main fiber types; large fibers and
small fibers. Althou^ both fiber types responded to water,
the small fibers were more responsive to salts than the
large fibers. The activity of both fiber types was inhibited
hy application of Ringer’s solution. The response of single
fibers to stimuli varied considerably and therefore cannot
easily be grouped according to probable taste qualities.
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-■If:;;. 4-« Response of the frop's tongue (Haaa pipiens) to








Fig, 13. Response of frog's tongue (rtana pipiens) to 1.0 M
glycine solution.















Fig. 21. Response of frog's tongue (Rana pipiens) to 2.0 M
ammoniuia chloride solution (tongue intact).
Fig. 22. Response of frog's tongue (Rana pipiens) to 2,0 H
potassiuia chloride solution Ttongue intact).
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lithi'jjn-j chloride solixtion ( bonz-'ue 'intact) .
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Pig. 25. Response of frog's tongue (Rana pipiens) to .5 M
hydrochloric acid soultion.
Fig. 26. Response of frog's tongue (Rana pipiens) to ,25 M
sodium citrate solution.
